Sutton's suggestion passed into other textbooks -and into history -as a defining moment, when genetics and cytology were first united.
In some respects that is the historical reality. The conviction that chromosomes must be the bearers of the hereditary material, and even the idea that chromosomes conjugate in pairs, one of maternal and one of paternal origin, predate the rediscovery of Mendel's paper in 1900. And after 1900 at least six people pointed out the similarities between chromosome behaviour and "the results on plant hybrids", one of them being Boveri. But it was Sutton's paper that laid out the agenda for the work done in Wilson's department over the next decade and so led to the publication of The Mechanism of Mendelian Heredity in 1915 and to Calvin Bridges' equally famous 'proof' of Sutton's hypothesis, which appeared as the first paper in the first issue of the journal Genetics. Bridges has fared less well than Sutton in the historical record, but I will return to that later.
Sutton himself spent his formative years at Kansas University and it was there that he became convinced that chromosomes are "distinct morphological individuals", which play different roles in development. (The consensus at the time was that chromosomes are pieces of a continuous 'spireme' that breaks up during cell division, with the differences between them quantitative, not qualitative.) His friend and mentor at Kansas was an older graduate student, Clarence McClung. Both men worked on the dividing cells of the testis in grasshoppers and it was McClung who in 1899 pointed out that a cell body previously described as a nucleolus is better defined as an "accessory chromosome". Two years later he proposed that the accessory chromosome (which he, like its first observer, labelled X) is the sex determinant, on the sole grounds that it is present in only half the sperm cells and that the ratio of the sexes is 50:50.
McClung has to be the predominant influence on the evolution of Sutton's ideas. In his 1902 paper Sutton cites the accessory chromosome as "our most unequivocal evidence of chromosomic individuality" and comments on Boveri's recent experiments, showing the differential effect of chromosomes on development, that "he has accomplished for the various chromosomes of the seaurchin, the same result as nature is constantly giving us in the case of the accessory chromosome of the Orthoptera". Boveri, who had long argued for "the individuality of the chromosomes", used excess sperm to create dispermic eggs in which three-or four-poled spindles form at the first division. The three haploid sets of chromosomes segregate more or less at random and daughter cells that receive an incomplete set develop abnormally.
The idea for the mechanism of heredity came however from another source. In Sutton's organism Brachystola magna, a large locust, clear size differences between the chromosomes can be observed. When a paper by Thomas Montgomery appeared in 1901, claiming that whenever two chromosomes larger than the rest are present they always come together at synapsis, Sutton was in a position quickly to confirm that 22 out of the 23 chromosomes in Brachystola can be assigned to eleven morphologically distinct pairs. And where Montgomery had argued from the fact that only one of his large chromosomes was present in spermatids, so that in somatic cells the other must have come from the egg cell, Sutton found that the eleven chromosomes in spermatids exhibit the same size range as the eleven pairs in somatic cells, and went on to realize that the independent assortment of maternal and paternal chromosomes could account for genetic diversity, with the amount of diversity varying with chromosome number. Two weeks later, on 17 October, Sutton submitted his paper, presumably adding the famous paragraph at the last minute. The speculative paper that followed in 1903 is prefaced by the statement that "the general conceptions here advanced were evolved purely from cytological data, before the author had knowledge of the Mendelian principles" and justifies itself by "the attempt to indicate certain lines of work calculated to test the validity of the conclusions drawn". Morgan, who had joined the Zoology Department in the previous year, was less impressed. The differential distribution of the X chromosome could be just another secondary sexual characteristic. Yet it was from Morgan's lab that the "right material" emerged, in the form of Drosophila melanogaster, the vinegar fly. In 1910, when a whiteeyed male first appeared in one of his cultures, Morgan crossed it to a normal red-eyed female and obtained all red-eyed flies in the F 1 hybrid and the expected Mendelian ratio of 3 red to 1 white in the F 2 generation. What was notable, however, was that all the white-eyed flies were male. Following this up, he found that a cross between white-eyed females and normal red-eyed males gave a crisscross inheritance in which sons resembled their white-eyed mothers and daughters their redeyed fathers. Morgan found this "most surprising", but concluded that "The most important consideration from these results is that in every point they furnish the converse evidence from that given by Abraxas..." (Bateson's English school had already found sex-linked inheritance in Abraxas, the currant moth, but in this case the female, not the male, was the heterozygous sex.)
The proof
With the discovery of more sexlinked characters, and the finding that they were linked to each other, the situation became clearer. Sutton had deduced that each chromosome would have to carry more than one "unit character" (there were obviously more characters than chromosomes and by 1902 Bateson's group had already shown linkage) and Morgan in sceptical mode had mocked this claim. As late as 1909 he was writing that if there were several characters per chromosome, then these "must Mendelize together. But they do not." But now they did, and were moreover associated with the sex chromosome.
It was at this point that Drosophila turned out to have a cytological advantage that Wilson had not considered. It has only four pairs of chromosomes, one of which is extremely small. As mutants were discovered, they were crossed with existing mutants and found to fall into only three linkage groups, corresponding to the three large chromosomes. In 1913 a project to map all mutants was launched by Morgan's graduate students, A.H. Sturtevant and Calvin Bridges, locating their position on the chromosomes by the recombination frequency between linked genes (a method that had been devised by Sturtevant as a 19-year-old undergraduate). In 1914, when an unlinked marker appeared, it was immediately assigned to the tiny fourth chromosome.
Also in 1914 Calvin Bridges, Morgan's graduate student, first came up with a cytological explanation for a genetic phenomenon that he had named nondisjunction. In the crisscross inheritance typical of sex linkage, "exceptional" daughters who resemble their mothers and "exceptional" sons who resemble their fathers regularly appear, at a frequency of around 4%. Bridges hypothesized that these
